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NALLTONAL 

SUBSONIC AERODYNAMIC CHARAC333RISTICS UP TO EXCFEX3 AIGLES 

By Bruce E. TinnUnn 

Wind-tunnel measurements of the forces 8nd moments OIL 8 model of an 
airplane having  pitch-up  tadencies have been made a t  angles of attack 
up t o  TO0. The model had an unswept,  low-aspect-ratio wing, a long 
fuselage, and a high horizontal tail. The t e s t s  w e r e  conducted a t  Mach 
numbers up t o  0.94 at a Reynolds nmiber of 0.5kL.O'. 

The results  indicate that once the angle of attack for pitch-up i s  
exceeded by  about loo, nose-up pitch3n.g moments are  large, regardless of 
the deflection of the longitudinal  control, until 8 stable balance point 
i s  reached at an angle of attack of 600 to TO0. Directional. Fnstability 
also exists fo r  angles of attack greater thaa about 200. Addition of 
tip tanks with fins delayecl the pitch-up tendency fo r  several  degrees of 
angle of attack but did little to lessen i t s  severity.  Tests w i t h  the 
wing removed indicated that the fuselage  vortices were of suff?icient 
strength to cause  pitch-up. Eowever, it cannot be concluded that the 
fuselage  vortices are the sole source of the destabilizing downwash varia- 
t i o n  fo r  the complete airplane configuration since  the wing undoubtedly 
alters  the  strength and position of the vortices. 

INTRODUCTION 

Airplane  configurations which employ a high horizontal. t a i l  are 
often subject t o  pitch-up at moderate to high angles 09 attack. Results 
of wim5-tunnel t e s t s  of a model having this characteristic have been 
reported in reference 1, and an analysis of the pitch-up behavior has 
been  presented Fn reference 2. 



The behavior of such airplane  configurations st  extreme angles of 
attack i s  of interest  slnce  these angle6 can be  reached during an inad- 
vertent  pitch-up maneuver.  The present  iwestigation was init iated,  
therefore, to measme the  forces and moments on a' small-scale model of 
the  airplane  described  in  reference 1. Testing this s m a l l  model In the 
relatively  large  test  section of the Ames'?U-foot pressure wind tunnel 
permitted  angles of attack up t o  TO0 t o  be  obtained a t  high subsonic 
Mach numbers without cboktag the  tunnel flow. 

. .  

Secondary purposes of' the   t es t s  were to evaluate  the  effects of 
wing-tip  tanks and of tip-tank fins on the pitch-up characteristics and 
t o  obtain  dats with the w3ng rmoved to  indicate i f  the vortice6 dis- 
charged from the  fuselage  are  important  in  the  pitch-up problem. 

All forces and m m t s ,  with the  exception of  l i f t  and drag, are 
referred  to body axes. The longLtuc3lnaJ. axis of %he body axes system 
was the  fuselage  center line ana the moment center was at the longitudi- 
nal location of the  quarter  point of the mean aeroaynamic chord (see 
f ig .  1). The coefficients and syribols are  defined  as follows: - 
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it incidence of the'horizontal t a i l  

M free-stream Mach n-er 

9 free-stream aynamic pressure 

R Reynolh  rider based on the wing m e a n  aerodynamic  chord 

s wing area 

a angle of attack 

B angle of s idesl ip  

A drawing of the model is  shown in  figure 1 and pertinent  geometric 
parameters are tabulated i n  table I. The model, without t i p  tanks, i s  
the model designated Si i n  reference 3. The wings and emgemage of the 
model were machined from high-strength s t e e l  and the f'uselage from sol id  
aluminum. 

.. . 

The model was sting mounted on a six-component, flexure-pivot, 
internal strain-gage balance. The  model angle of attack could be  varted 
from a remote s ta t ion through a range of  about 30°. A special  sting was 
constructed with a knuckle mich could be set i n  any of three  positions 
in order to obtain the large  angle range desired  in   the test. The angle 
range available with this arrangement w a s  from -2O t o  760. A photograph 
of the model mounted on the sting, with the knuckle set to obtain  angles 
of attack from 2 4 O  t o  92O, is  presented in  f igure  2(a).  A close-up v5.m 
of the model i s  shown in   f igure  2(b). 

The data f o r  zero  sideslip w e r e  obtained  by varying the angle of 
the sting support for each of the  st ing knuckle positions. The angle- 
of-attack ranges f o r  the three  knuckle  positions  overlapped  by  several 
degrees  so  that the effects of changes i n  the interference of the 
large-diameter sting and of the position of the model i n  the a i r  stream 
would be i n a c a t e d  by the agreement of the  data taken at the same angle 
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of attack  for different knuckle positions. The sideslip angle was 
varied from about Oo t o  20° with the mdel, stin@;, and s t ing  support 
oriented to obkain  constant  angles of attack of approximately 20, l3Ot 
270, 39O, 52O, and .64O. The angles of attack md sidesl lp  were deter- 
mined from the known eking position with the w i n g  off and f r o m  s t a t i c  
calibrations of the  deflection of the  s t ing and i t s  support under load. 

The tunnel  stagnation  pressure was set a t   f a i r l y  low values during 
the t e s t s   t o  extreme angles  of attack i n  order  to keep the loads on the 
model gnd balance within safe limits. The result ing Reynolb nuniber was 
0 . 3 x I O  f o r  Mach numbers from 0.60 t o  0.94. Tests. a t  a Mach rimer of 
0.4 t o  evaluate the effects of t i p  tanks were conducted a t  atmospheric 
pressure as a matter of convenience. The resulting Reynolds number of 
these tes t s .  was about 0 .9~3-0~ .  

Corrections t o  the data t o  take account of  the  effects of the  tunnel 
w a l l s  were considered t o  be negligible  for a model of this s m a l l  size. 
A t  high angles of attack, the tail. loads w e r e  undoubtedly  influenced by 
the wake from the sting. No attempt was made to  correct the data  for 
this interference  effect. The only correction  applied  to  take account 
of the  effects  of sting interference was  t o  adjust the  axlal-force meas- 
urement t o  correspond t o  that f o r  a model having free-stream  static 
pressure on i ts  base. 

. " 

I 

Longitudinal and Lateral-Directional  Characteristics up t o  
Extreme Angles of  A t t a c k  

The results of the measurements of the  longitudinal  forces and 
moments t o  extreme angles of attack are presented in f igure 3. The 
trends of these results a re  the same regardless of Mach nmiber up t o  
the  highest test Mach nuniber of 0.94. It i s  evident that the pitch-up 
tendency  began at about 15O angle of attack, and i s  a t t r ibu tab le   to  a 
destabilizing  variation of domwash with angle of  attack. As the angle 
of  attack for pitch-up w a s  exceeded, the  effectiveness  of  the t a i l  as a 
longitudinal  control was reduced markedly, indicat ing  the  ta i l   to   be i n  
the wing wake .  Once the angle of  at tack  for pitch-up was exceeded by 
more than about loo, a nose-up pitching moment existed for   the most 
positive ta i l  incidence available (it = 5 O )  until extreme angles of  
attack were reached. The t a i l  regafned  effectiveness as a stabilizer 
at an angle of  at tack of  about 45O. The control  effectiveness a t  this 
angle, however, apprpached zero because of the high angle of  attack of 
the tail. A stable  balance p i n t  was reached w h e n  the angle of attack 
reached between 60° and 70°. The &mum pitching-moment coefficient 
contributed by the  horizontal t a i l  a t  these extreme angles of attack 

. 
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was between -0.5 and -0.6 w h i c h  corresponds t o  a t a i l  normal-force 
coefficient,  based on t a i l  area, of between 1.0 and 1.2. 

It should  be  noted that the t e s t  Reynolds nuniber based on the com- 
ponent of velocity normal t o  the  fuselage  center  l ine and the fuselage 
diameter was less than the cr i t ical   value  for  flow normal t o  a circular 
cylinder. Under full-scale conditions, this Reynolds rimer would be 
greater  than the cr i t ical   value  for  a circular  cylinder when the angle 
of attack exceeds a moderate value. If the  crossflow on the fuselage 
forebody  approximates that f o r  a circular cylinder, it would be  expected 
that the f'usehge  crossflow drag coefficient, and therefore  the  destabi- 
l i z ing  pitching-mment  coefficient  contributed  by  the  fuselage, would 
be less  under full-scale  conditions than during the wind-tunnel tes ts .  
Therefore, the maximum t a i l  loads and the angle of attack a t  whfch the  
stable balance p o h t  occurs  could be smaller under full-scale conditions 
than the values  indicated  by the wind-tunnel test results. 

Results of  t e s t s  t o  determFne the effects of large  angles of attack 
on the side  force and on the rolling, yawing, and pitching m m e n t s  due t o  
sideslip  are  presented  in  figure 4. These results indicate that at  angles 
of attack of 27" and greater the lateral coefficients  are  not  zero a t  
zero sideslip and are  not symmetrical  about  zero sideslip. This lack of 

resulting from sllght inaccuracies i n  model copstruction. A t  an angle 
of attack of 26.90, the  model w a s  directionally  unstable and had a large 
adverse  variation  of  rolling m m e n t  with sideslip  angle  near  zero side- 
s u p .  At higher angles of attack,  the model was generally directionally 
unstable. This Fnstability is  to   be  expected since the ver t ical  tail is 
in the  wake of the wing asd of the fuselage in thfs angle-of-attack w e .  

Y l a t e r a l  symmetry undoubtedly ar ises  from asymmetrical. s t a l l  patterns 

The effects of adding several wing-tip---fin conibinations on the 
lift and pitching-moment characterist ics  are shown in   f igure  5. The l i f t  
coefficient  at  w h i c h  a pitch-up  tendency  appears was increased by about 
0.15 w h e n  t i p  tanks with fins w e r e  added t o  the configuration. It is 
obvious that some of the improvement was a direct   resul t  of the increase 
i n  lift due t o  adding the t h s .  Some increase i n  the angle of attack 
f o r  pitch-up was also realized, however. The sources of the improvement 
are i l lus t ra ted  i n  figure 6. Adding the t i p  tariks alone did not change 
the  variation of the  pitching moment of the wing-fuselage  conkination 
w i t h  angle of attack,  but did resu l t   in  a more favorable downwash varia- 
t ion  as the angle of attack was increased beyond 80 (see  variation of 
htail with angle of a t tack   in   f ig .  6). The tip-tank fins, on the other  

ing pitching moment t o  the wing-fuselage combination a t  angles of attack 
b hand, did not  influence the t a i l  loads but  contributed  a small stabil iz- 
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greater than about 12O. The improvement arising from both of these 
effects is, unfortunately, s m a l l  In comparison with that  required  to 
prevent  pitch-up of this airplane  configuration. 

d 

Longitudinal  Characteristics of  the 
Fuselage-Tail Colnbination 

Tests were d e  Mth  the wing  removed to  indicate i f  the downwash 
field  result ing from the  fuselage  vortices is bpor tan t  in the  pitch-up 
problem. The resiilts of these  tests  are  presented  in  f igure 7 and indi- 
cate that  the downwash from the  fuselage.  vortex system  caused t h e   t a i l  
t o  be destabilizing f o r  Eangles of attack greater than 160 t o  Bo. The 
change in the  contribution of the tail to   the  pitching-moment curve €&Ope dwh as  the angle of attack i s  increased from zero i s  shown in   f igure 
8. These results  indicate the same trends in   the   t a i l   cont r ibu t ion  to 
dC!m/h whether the wing i s  on or off. It cannot be concluded from this, 
however, that  the Fuselage vortices  are  the  sole  source of the  destabi- 
l iz ing downwash variation  since  the -presence of the wing undoubtedly 
a l t e r s   t he i r  strength and position. Evidence of  the  influence of the 
wing on the  destabilizing tail moments contributed by the Fuaelage vor- 
t i ces  i s  fumdshed by the  results of tests with strakes  attached  to  the . 
sides of the  fuselage. These surfaces were horizontal  projections of 
about 3/16 of an inch and  extended along the  midline of the  fuselage from 
the nose to  the  fairing w h i c h  corresponds t o  the duct entry. As might 
'be expected, the  strakes caused the  pitch-up t o  be more severe by both 
increasing the nose-up pitching moment of the .fuselage and by  increasing 
the destabilizing contribution of the tail a t  high angles of attack. A t  
angles of attack  greater than about 120, however, the influence of the 
strakes on the t a i l  pitching moments was much sqal ler  f o r  the complete . 
configuration  than for  the  fuselage-tail conibination (see fig. 9). 

Tests were also made with only one strake  attached t o  the  fuselage 
i n  the hope of establishing an asymmetrical f l o w  pattern w h i c h  would be 
less  detrimental t o  the  longituilind  stability. This result  was not 
realized and the  single  strake caused the  pitch-up t o  be somewhat  more 
severe. 

Wind-tunnel t e s t s  t o  measure the  characteristics of' a small-scale 
model of an airplane having strong pitch-up  tendencies h&ve indicated 
the following: 

c 



I. Once the angle of attack f o r  pitch-up was  exceeded by  about loo, 
nose-up pitching mments existed  regardless of the  deflection of the 
longitudinal  control until a balance  point was reached a t  angles of 
attack of 6@ to 700. 

2. Addition of “tip  tanks  with  horizontal fins delayed the 
pitch-up  tendency t o  slightly higher  angles of attack, and effected a 
small reduction in   the  longi tudinal   instabi l i ty  a t  higher  angles of 
attack. 

3. Tests of the  mdel  with the WLng removed indicate  that   the 
fuselage  vortices  are  of  sufficient  strength  to cause pitch-up. It can- 
not be concluded, however, tha t   the  fuselage vortices  are  the  sole  source 
of the  destabilizing  variation  of downwash for   the complete airplane con- 
figuration  since  the wing undoubtedly al ters   their   s t rength and position. 
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TABIX I . . GEOMETRY OF TBE MODEL 

win@; 
Airfoil  section  (forward 0 . 3 ~   e l l i p t i c a l .  af% 0 . 5 ~  circular   arc)  

Thickness ratio.  percent c . . . . . . . . . . . . . . . .  3.4 Area. horizontal  projection  including the gortion  within  the 
body. sq i n  45.16 

Mean aerodynamic chord. i n  . . . . . . . . . . . . . . . . . .  4.58 
Span. i n  10.53 
Aspect r a t i o  . . . . . . . . . . . . . .  - . . . . . . . . . . . .  2.45 
Taper ratio . . . . . . . . . . . . . . . . . . . . . . . . . .  0.38 
Sweep of  quarterkhord  l ine  in  plane of.-wing, deg . . . . .  18.2 
Unswept element. percent c . . . . . . . . . . . . . . . . .  70.4 
Dihedral. deg . . . . . . . . . . . . . . . . . . . . . . .  -10 
Leadlng-edge flaps 

Area, sq in . . . . . . . . . . . . . . . . . . . . . . . .  3.72 
Chord, percent c . . . . . . . . . . . . . . . . . . . . .  14.6 
Deflection, deg 

Root . . . . . . . . . . . . . . . . . . . . . . . . . .  1.9 

. .  . . . . . . . . . . . . . . . . . . . . . . .  
- -  . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Tip . . . . . . . . . . . . . . . . . . . . . . . . . .  3-8 
Horizontal t a i l  - 

Airfoil section (forward 0 . 5 ~   e l l i p t i c a l ,  a r t  0 . 5 ~   c i r c u l a r   a r c )  
Root thickness  ratio.  percent c . . . . . . . . . . . . .  4.9 
Tip  thickness  ratio,  percent. c . . . . . . . . . . . . .  2.6 

Area, sq i n  . . . . . . . . . . . . . . . . . . . . . . . . .  11.09 
Mean aerodynamic chord . . . . . . . . . . . . . . . . . . .  2.12 
Span, i n  . . . . . . . . . . . . . . . . .  :- . . . . . . . .  5.72 
Aspect r a t io  . . . . . . . . . . . . . . . . . . . . . . . .  2.95 
Taper r a t io  . . . . . . . . . . . . . . . . . . . . . . . .  0 . 9  
Sweep of  quarter-chord  line, deg . . . . . . . . . . . . . .  10.1 
Unswept element. percent c . . . . . . . . . . . . . . . . . .  50 
Incidence, deg . . . . . . . . . . . . . . . . . . . . . . .  0 
Dihedral, deg . . . . . . . . . . . . . . . . . . . . . . .  0 

Airfoil  section  (forward 0 . 5 ~   e l l i p t i c a l ,  aft 0.5~ circular   arc)  
Vertical t a i l  

Root Wckness  ratio,  percent c . . . . . . . . . . . . .  4 . 3  
Tip  thickness  ratio,  percent c . . . . . . . . . . . . . .  5-0 

Area, exposed, sq in . . . . . . . . . . . . . . . . . . . . .  8.06 
Mean aerodynamic chord . . . . . . . . . . . . . . . . . . .  3.44 
Aspect ratio . . . . . . . . . . . . . . . . . . . . . . . .  0.87 
Taper r a t i o  . . . . . . . . . . . . . . . . . . . . . . . .  0.46 
Sweep of quarter-chord-line, deg . . . . . . . . . . . . . .  35 
Unswept element. percent c . . . . . . . . . . . . . . . . .  89.3 
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Refer to Table T for 

model  specifications. 
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(b) Tip-hnk  details. 

Figure 1. - Concluded. 

7- 
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t- 131 

1 

AM of both full-span  and 
semispan fins = 1.16 sq in. 



A-23423 

(a) Rear view showing the sting-support arrangement -Kith the sting 
knuckle s e t  to obtain an angle-of-attack range from 24O to 52O. 

(b) Close-up v i e w  of model. ~ - 8 a 4 2 4  

Figure 2. - Photographs 'of the model mounted in the w i n d  tunnel. 
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(a) M = 0.60 

Figure 3. - LiFt, drag, and pitching-moment  characteristics; R = 0. 5X1O8. 
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(b) M = 0.80 

Figure 3. - Continued. 
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( c )  M = 0.9 

Figure .3.  - Continued. 
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Figure 3. - Concluded. 
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cn= 0 

C Y = 6 4 . l 0  
for 

52.0° 

39.0° 

Figure 4.- The variation of side force of rolling-moment, 
yawing-moment, and pitching-moment coefficients wikh sideslip; 
M = 0.80, R = 0.5dOe. 
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Mgure 5 . -  The effects o f  several tip-tank fin arrangements on the law-speed lift and pitching- 
mment characteris-kics; M = 0.40, R = O.gLL@, it = -5'. 
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Figure 6.- Effects of adding t i p  tanks and t ip-tank  f ins on the pitching- 
mment characteristics and on the pitching moment contributed  by  the 
horizontal tail; M = 0.4, R = 0.gKLO'. 
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(a) M = 0.60 and 0.80 

7 '. - The pitdhing-moment  characteristics of the fuselage-tail 
combination; R = 0.5xl.OS. 



(b) M = 0.90 and 0.94 

Figure 7. - Concluded. ."..".~. , . 
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Figure 9. - The pi-i;Wng-moment contribution of fuselage strakes with t h e  
wing on and with the w h g  off; M = 0.40, R = 0.9XLOo. 


